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[Title of the invention] Papermaking additive and a method for 
producing layered paper 
[Abstract] 

[Task] To provide a papermaking additive good in f ixability to paper 
layers and capable of exhibiting an excellent strength improving 
effect, and also to provide a method for efficiently producing 
layered paper excellent in the interlayer adhesive strength using 
said papermaking additive as an interlayer adhesive. 
[Solving means] Used is a papermaking additive, comprising an ionic 
(meth) acrylamide-based water-dispersible polymer containing 0.1 
to 10 mol% of an N-substituted (meth) acrylamide without any ionic 
atomic group in the N-substituent group and with 4 to 20 carbon 
atoms in the N-substituent group. 



1 



[Claims] 

[Claim 1] A papermaking additive, comprising an ionic 
(meth) acrylamide-based water-dispersible polymer containing 0.1 
to 10 mol% of an N-substituted (meth) acrylamide without any ionic 
atomic group in the N-substituent group and with 4 to 20 carbon 
atoms in the N-substituent group. 

[Claim 2] A papermaking additive, according to claim 1, wherein 
the (meth) acrylamide-based water-dispersible polymer is anionic 
in ionicity. 

[Claim 3] A papermaking additive, according to claim 1, wherein 
the (meth) acrylamide-based water-dispersible polymer is cationic 
in ionicity. 

[Claim 4] A papermaking additive, according to claim 1, wherein 
the (meth) acrylamide-based water-dispersible polymer is 
amphoteric in ionicity. 

[Claim 5] A papermaking additive, according to any one of claims 
1 through 4, wherein the (meth) acrylamide-based water-dispersible 
polymer has a turbidity of 30 degrees or more and can be kept 
homogeneously dispersed at a concentration of 10 wt% . 
[Claim 6] A method for producing layered paper, in which either 
of the wet paper layers not yet combined together is coated on its 
surface with an interlayer adhesive and combined with the other 
wet paper layer, to produce layered paper consisting of two or more 
layers, comprising the step of using the papermaking adhesive as 
set forth in any one of claims 1 through 5 as the interlayer adhesive. 
[Claim 7] A method for producing layered paper, according to claim 



6, wherein when either of the wet paper layers not yet combined 
together is coated on its surface with an interlayer adhesive, the 
wet paper layer with a smaller water content is coated on the surface 
with the interlayer adhesive. 

[Claim 8] A method for producing layered paper, according to claim 
6 or 7, wherein when either of the wet paper layers not yet combined 
together is coated on its surface with an interlayer adhesive, the 
wet paper layer on the reverse side in the dehydration direction 
of the paper machine is coated on the surface with the interlayer 
adhesive . 
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[Detailed description of the invention] 
[0001] 

[Technical field to which the invention pertains] The papermaking 
additive of this invention can be used as any of various papermaking 
additives such as a strength additive, freeness improving agent 
and interlayer adhesive for layered paper. Especially in the case 
where the papermaking additive of this invention is used as an 
interlayer adhesive for layered paper, layered paper excellent in 
interlayer adhesive strength can be produced. 
[0002] 

[Prior art] In the conventional production of layered paper, for 

enhancing the interlayer adhesive strength, either of the wet paper 

layers not yet combined together is coated on its surface with an 

interlayer adhesive using a spray, and as the interlayer adhesive, 

mainly a non-gelatinized starch dispersion is used. However, since 

the adhesive strength of a starch is too low, the starch must be 

used in a large amount, for obtaining a sufficient interlayer 

adhesive strength. In addition, there are such problems that in 

the drying step subsequent to lamination work, sufficient 

gelatinization does not occur, and that the water-absorbing starch 

causes blistering between layers during gelatinization. Moreover, 

there are such working problems that the spray nozzle is clogged 

thus 

and that the dispersion causes precipitation, causing the applied 

A 

amount to fluctuate, and there is also such an environmental problem 
that the starch flowing out of the paper without being fixed between 
layers raises the COD of the waste water. 
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[0003] As a method for solving the aforesaid working problems, it 

is proposed to use an acrylamide-based water-soluble polymer as 

the interlayer adhesive. As the acrylamide-based water-soluble 

polymer, in order to improve the interlayer fixability for obtaining 

layered paper with excellent interlayer strength, polymers having 

ionic groups, hydrophobic monomer or the like introduced in a large 
were 

amount 3h^ proposed. However, in the case where a large amount of 

ionic groups are introduced into an acrylamide-based water-soluble 

polymer, the papermaking utensils may be contaminated, and the high 

cohesion of the polymer adversely affects the formation of paper 

and cannot 
layers, not allowin«[ paper strength fee be sufficiently enhanced. 

Furthermore, in the case where a large amount of a hydrophobic 

monomer is introduced into an acrylamide-based water-soluble 

polymer, since the amount of the acrylamide decreases relatively 

as an ingredient, the enhancement of the paper strength by hydrogen 

bonding force is not sufficient, and furthermore, since the 

copolymerizability with the acrylamide is too low, a copolymer with 

a uniform composition cannot be obtained. So, there occurs such 

a problem that the desired enhancement of paper strength cannot 

be sufficiently achieved. 

[0004] 

[Problems to be solved by the invention] The objects of this 
invention are to provide a papermaking additive good in fixability 
to paper layers and capable of exhibiting an excellent strength 
enhancing effect, and also to provide a method for efficiently 
producing layered paper with excellent interlayer adhesive strength 



using said papermaking additive as the interlayer adhesive. 
[0005] 

[Means for solving the problems] The inventors studied to solve 

they 

the problems of the prior art, and as a result, found that a cloudy 
papermaking additive containing an ionic (meth) acrylamide-based 
water-dispersible polymer with a specific N-substituted 
(meth) acrylamide contained as a component suits the said objects. 
Based on this finding, the present invention has been completed. 
[0006] The present invention relates to a papermaking additive, 
comprising an ionic (meth) acrylamide-based water-dispersible 
polymer containing 0.1 to 10 mol% of an N-substituted 
(meth) acrylamide without any ionic atomic group in the 
N-substituent group and with 4 to 20 carbon atoms in the 
N-substituent group, and also to a method for producing layered 
paper, in which either of the wet paper layers not yet combined 
together is coated on its surface with an interlayer adhesive and 
combined with the other wet paper layer, to produce layered paper 
consisting of two or more layers, comprising the step of using said 
papermaking adhesive as the interlayer adhesive. 
[0007] 

[Modes for carrying out the invention] The ionic 
(meth) acrylamide-based water-dispersible polymer of this 
invention is obtained by copolymerizing (meth) acrylamide, an ionic 
monomer and said specific N-substituted (meth) acrylamide, further, 
as required, a crosslinkable monomer or any other monomer to such 
an extent that the performance is not adversely affected. 



[0008] In this invention, (meth) acrylamide refers to acrylamide 
or methacrylamide {hereinafter (meth) has the same meaning}. 
Either of them can be used, or both of them can also be used. However, 
in view of economy, it is preferred to use acrylamide alone. 
[0009] The ionic monomer can be either an anionic monomer or a 
cationic monomer. As examples of the anionic monomer, enumerated 
are monocarboxylic acids such as (meth) acrylic acid and crotonic 
acid; dicarboxylic acids such as maleic acid, fumaricacid, itaconic, 
acid, muconic acid, and citraconic acid; organic sulfonic acids 
such as vinylsulfonic acid, styrenesulf onic acid, 
(meth) allylsulfonic acid, and 

2-acrylamide-2-methylpropanesulfonic acid; sodium salts and 
potassium salts of these various organic acids, etc. As examples 
of the cationic monomer, enumerated are vinyl monomers having a 
tertiary amino group such as dimethylaminoethyl (meth) acrylate, 
diethylaminoethyl (meth) acrylate, dimethylaminopropyl 

(meth) acrylamide, and diethylaminopropyl (meth) acrylamide, and 
their salts of inorganic acids and organic acids such as 
hydrochloric acid, sulfuric acid and acetic acid, further vinyl 
monomers containing a quaternary ammonium salt obtained by the 
reaction between any of said tertiary amino group-containing vinyl 
monomers and any of quaternizing agents such as methyl chloride, 
benzyl chloride, dimethylsulf uric acid and epichlorohydrin . One 
of these ionic monomers can be used, or two or more of them can 
also be used together. The (meth) acrylamide-based 

water-dispersible polymer is made ionic, for example, anionic. 



cationic or amphoteric. 

[0010] The N-substituted (meth) acrylamide of this invention refers 
to that not containing an ionic atomic group but having 4 to 20 
carbon atoms in the N-substituent group instead of the one or two 
hydrogen atoms bonded to the nitrogen atom of (meth) acrylamide . 
In this invention, an ionic atomic group refers to a functional 
group anionic or cationic in an acidic to alkaline pH range, for 
example, an anionic functional group such as a carboxyl group or 
sulfonyl group or a cationic functional group such as an amino group. 
Therefore, the N-substituent group excludes such an ionic 
functional group. Furthermore, an N-substituent group having 4 to 
20 carbon atoms refers to an N-substituent group consisting of 
carbon atoms only such as an alkyl group but also an N-substituent 
group containing other non-ionic atoms (for example, oxygen atoms, 
nitrogen atoms, sulfur atoms, chlorine atoms, etc.) in addition 
to carbon atoms. As for the reason why the number of carbon atoms 
in the N-substituent group must be 4 to 20, it is intended that 
the papermaking additive (interlayer adhesive) forms a polymer 
complex because of the hydrophobicity of the N-substituent group, 
for enhancing the fixability to the paper layer. If the number of 
carbon atoms in the N-substituent group is 3 or less, the fixability 
cannot be enhanced. It is especially preferred that the number of 
carbon atoms in the N-substituent group is 6 to 12. 
[0011] As examples of the N-substituent group, enumerated are 
straight chain or branched chain alkyl groups such as butyl group, 
octyl group, dodecyl group, hexadecyl group, octadecyl group, 
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1-methylundecyl group, 1-methylnonyl group, and 

1, 1, 3, 3-tetrainethylbutyl group; substituent groups containing an 
oxygen atom such as ( 2-methylpropoxy) methyl group, and butoxymethyl 
group; substituent groups containing an aromatic ring such as benzyl 
group, 4-hydroxy-l-naphthyl group, 4- (methylthio) phenyl group, 
and [4- (chloromethyl) phenyl]methyl group, etc. 

[0012] Moreover, in this invention, in addition to said monomer, 
a crosslinkable monomer can be used. As examples of the 
crosslinkable monomer, enumerated are bi-f unctional monomers such 
as ethylene glycol di (meth) acrylate, diallylamine , and 
N-methylolacrylamide, tri-f unctional monomers such as triailyl 
isocyanurate, and N, N-diallylacrylamide, tetra-f unctional 
monomers such as tetraallyloxyethane, vinyl monomers having a chain 
transfer substituent group such as allyl (meth) acrylate, diethylene 
glycol mono (meth) acrylate, and dimethylacrylamide, etc. 

[0013] Still furthermore, as examples of the other monomer, 
enumerated are esters obtained from an anionic monomer such as 

(meth) acrylic acid or maleic acid and an alcohol, styrene, 
a-methylstyrene, vinyltoluene, acrylonitrile, methyl vinyl ether, 
isopropylacrylamide, vinyl acetate, a-olefins, etc. 

[0014] The ratio of the (meth) acrylamide, ionic monomer and 
N-substituted (meth) acrylamide used must be decided, sufficiently 
considering the application for which the papermaking additive 
containing an ionic (meth) acrylamide-based water-dispersible 
polymer obtained by copolymerizing them is used. 

[0015] For obtaining an anionic or cationic (meth) acrylamide-based 



water-dispersible polymer, usually the amount of (meth) acrylamide 
used is in a range from about 80 to 99.8 mol% based on the sum of 
moles of all the monomers, and for obtaining an amphoteric 
(meth) acrylamide-based water-dispersible polymer, the amount is 
usually in a range from about 80 to about 99.7 mol%. If the amount 
is less than 80 mol%, no sufficient strength effect can be exhibited, 
and in the case where the (meth) acrylamide-based water-dispersible 
polymer is used as an interlayer adhesive, layered paper with a 
sufficient interlayer strength cannot be obtained. 
[0016] The amount of the ionic monomer must be adjusted to suit 
each application. For example, in the case where the ionic 
(meth) acrylamide-based water-dispersible polymer is used as an 
interlayer adhesive, the amount is adequately selected to suit the 
papermaking conditions for using a spray. Usually, to obtain an 
anionic (meth) acrylamide-based water-dispersible polymer, an 
anionic monomer is used by about 0.1 to about 10 mol%, preferably 
0.2 to 8 mol% based on the sum of moles of all the monomers, and 
to obtain a cat ionic (meth) acrylamide-based water-dispersible 
polymer, a cationic monomer is used by about 0.1 to about 10 mol%, 
preferably 0 . 2 to 8 mol% based on the sum of moles of all the monomers . 
Furthermore, to obtain an amphoteric (meth) acrylamide-based 
water-dispersible polymer, a cationic monomer is used by about 0.1 
to about 10 mol%, preferably 0.2 to 8 mol% based on the sum of moles 
of all the monomers, while an anionic monomer is used by about 0.1 
to about 10 mol%, preferably 0.2 to 8 mol% based on the sum of moles 
of all the monomers. If the amount of the ionic monomer is smaller 

10 



than said range, the fixability on the surface of a wet paper layer 
is too low since the amount of the ionic ingredient is too small. 
If the amount of the ionic monomer is larger than said range, the 
paper strength is too low since the amount of (meth) acrylamide is 
too small, and in the case where the (meth) acrylamide-based 
water-dispersible polymer is used as an interlayer adhesive for 
example, layered paper with a sufficient interlayer strength cannot 
be obtained. When neutral paper containing calcium carbonate or 
the like, or weakly acid paper containing waste magazine paper or 
the like is made, it is recommended to use a cationic monomer more 
than an anionic monomer. On the other hand, when the ionic 
(meth) acrylamide-based water-dispersible polymer is used for 
making acid paper, it is recommended to use an anionic monomer more . 
[0017] The amount of the N-substituted (meth) acrylamide is in a 
range from about 0 . 1 to about 10 mol%, preferably 0.5 to 7 mol%. 
If the amount is less than 0.1 mol%, the obtained ionic 
(meth) acrylamide-based water-dispersible polymer dispersion does 
not become sufficiently cloudy, and the rate of fixing on the paper 
layer is not sufficient. On the other hand, if the amount is more 
than 10 mol%, the rate of fixing can be enhanced, but the paper 
strength is too low, since the rate of (meth) acrylamide is too small , 
and in the case where the ionic (meth) acrylamide-based 
water-dispersible polymer is used as an interlayer adhesive for 
example, layered paper with a sufficient interlayer strength cannot 
be obtained. Furthermore, if the amount is more than 10 mol%, the 
ionic (meth) acrylamide-based water-dispersible polymer tends to 



segregate for causing precipitation, and a homogeneous dispersion 
cannot be obtained. In this case, if it is used as an interlayer 
adhesive, it may not suitable for spray coating. If styrene or the 
like is used by an amount in said range, for example, as a hydrophobic 
monomer instead of the N-substituted acrylamide, a cloudy 
dispersion having the same properties in appearance can be obtained, 
but even if the dispersion is used, for example, as an interlayer 
adhesive, a sufficient interlayer strength cannot be obtained. The 
reason is as described below. The N-substituted (meth) acrylamide 
of this invention is excellent in copolymerizability with 
(meth) acrylamide. So, in this invention, a copolymer with a 
uniform composition forms a polymer complex and becomes cloudy, 
and as a result, the ionic (meth) acrylamide-based water-dispersible 
polymer per se has good fixability. However, styrene or the like 
is lower in the copolymerizability with (meth) acrylamide than the 
N-substituted (meth) acrylamide, and a compound close to homopolymer 
of styrene or the like is produced to be cloudy, and as a result, 
the fixability of the acrylamide-based polymer is not sufficient 
even if the fixability of the dispersion is good. 
[0018] Furthermore, in the case where a crosslinkable monomer is 
used, the amount of it used is usually less than about 5 mol%, 
preferably 2 mol% or less based on the sum of moles of all the monomers 
It is not preferred that the amount is more than 5 mol%, since the 
obtained copolymer is gelled. 

[0019] In the case where any other monomer than those mentioned 
above is used, the amount of it used is less than about 10 mol%. 



preferably 8 mol% or less based on the sum of moles of all the monomers . 
If the amount is more than 10 mol%, the rate of (meth) acrylamide 
is too small, and a sufficient paper strength effect cannot be 
exhibited. So, in the case where the ionic (meth) acrylamide-based 
water-dispersible polymer is used as an interlayer adhesive, 
layered paper with a sufficient interlayer strength cannot be 
obtained . 

[0020] As the method for obtaining an ionic (meth) acrylamide-based 
water-dispersible polymer by copolymerizing the aforesaid monomers, 
any of various publicly known conventional methods can be employed. 
For example, a predetermined reaction vessel is charged, with the 
aforesaid respective monomers and water, and an ordinary radical 
polymerization initiator, for example, a persulfate such as 
potassium persulfate or ammonium persulfate or a redox type 
polymerization initiator obtained by combining any of them and a 
reducing agent such as sodium hydrogensulf ite is added. Then, with 
stirring, the mixture is heated to obtain an ionic 
(meth) acrylamide-based water-dispersible polymer. 
[0021] The weight average molecular weight of the obtained ionic 
(meth) acrylamide-based water-dispersible polymer is usually in a 
range from about 100,000 to about 10 million, and the viscosity 
measured as a dispersion with a solid content of 10 wt% is usually 
less than about 30000 cps (25''), preferably less than about 20000 
cps (25°C) . 

[0022] Furthermore, it is preferred that the dispersion of the 

obtained ionic (meth) acrylamide-based water-dispersible polymer 
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is cloudy to some extent, and it is preferred that the dispersion 
has a turbidity of more than about 30 degrees and is kept 
homogeneously dispersed (does not segregate for causing 
precipitation) at a concentration of 10 wt%. If the turbidity is 
less than 30 degrees, the ionic (meth) acrylamide-based 
water-dispersible polymer cannot form a polymer complex 
sufficiently, and is not sufficient in fixability. Moreover, if 
the dispersion cannot be kept homogeneously dispersed, that is, 
segregates to cause precipitation, in the case where it is used 
as an interlayer adhesive, it does not suit spray coating. The 
turbidity refers to the value obtained by measuring 180-degree 
scattered light using 900 nm infrared light by means of ANALITE 
turbidity measuring instrument Model 152 (produced by Central 
Kagaku Corp.), and the measured value is a value relative to the 
value of the standard substance (formazine standard solution 400 
degrees, produced by Wako Pure Chemical Industries, Ltd.). 
[0023] The ionic (meth) acrylamide-based water-dispersible polymer 
of this invention can be used as any of various papermaking additives 
in papermaking. The method of using the papermaking additive of 
this invention as an interlayer adhesive of layered paper for 
producing layered paper is described below. 

[0024] Particularly, a papermaking additive composed of said ionic 
(meth) acrylamide-based water-dispersible polymer is applied as an 
interlayer adhesive to the surface of a wet paper layer not yet 
combined with another wet paper layer, and both the wet paper layers 
are combined together according to a conventional method, 



dehydrated and dried, to produce layered paper consisting of two 
or more layers. 

[0025] The interlayer adhesive is generally applied using a spray, 

and is used usually at a concentration of about 0.1 to about 1.5 

wt% at a viscosity of about 3 to about 50 cps (25°) . Furthermore, 

the interlayer adhesive can be applied usually by 0.05 to 1.5 wt% 

(solid content) based on the solid content of pulp. 

[0026] The interlayer adhesive can also be used together with a 

powder of a natural resin used as a conventional interlayer adhesive 

such as a starch, denatured starch, casein, or galactomannan, to 

such an extent that the objects of this invention are not impaired. 

[0027] In the method for producing layered paper of this invention, 

when either of the wet paper layers not yet combined together is 

coated on its surface with an interlayer adhesive, the wet paper 

layer with a smaller water content can be coated on the surface 

with the interlayer adhesive, since the interlayer adhesive 

strength of layered paper can be further enhanced. The surfaces 

of respective wet paper layers are different from each other in 

water content. So, if the wet paper layer to be coated with the 

interlayer adhesive is selected as described for the aforesaid 

which flows 

coating method, the amount of the interlayer adhesive^f-iowifig out 
of the paper together with water during papermaking process can 
be minimized, and as a result, the amount of the interlayer adhesive 
fixed between the layers can be kept large, to enhance the interlayer 
adhesive strength of layered paper. 

[0028] Moreover, when either of the wet paper layers not yet combined 



together is coated on its surface with an interlayer adhesive, the 

wet paper layer on the reverse side in the dehydration direction 

of the paper machine can be coated on the surface with the interlayer 

adhesive, since the interlayer adhesive strength of layered paper 

can also be further enhanced. If the wet paper layer to be coated 

with the interlayer adhesive is selected as described for the 

aforesaid coating method, the amount of the interlayer adhesive 
which flows 

flowing out of paper together with water during dehydration after 
combining the wet paper layers together can be minimized* As a 
result, the amount of the interlayer adhesive fixed between the 
paper layers can be kept large, to enhance the interlayer adhesive 
strength of layered paper. 
[0029] 

[Examples] This invention is described below more particularly 
based on working examples and comparative examples. In the 
examples, '"parts" and mean ''parts by weight" and "wt%" 

respectively. 

[0030] Production Example 1 

A flask equipped with a stirrer, thermometer, reflux condenser and 
nitrogen gas introducing pipe was charged with 159 parts of 
acrylamide, 830 parts of ion exchange water, 15.6 parts of 
dimethylaminopropyl acrylamide, 9 parts of 80% acrylic acid and 
11.4 parts of t-octylacrylamide, and sulfuric acid was used to 
adjust the pH at 4 to 5. Then, nitrogen gas was introduced to remove 
all the oxygen in the reaction system. With stirring, the mixture 
was heated up to 60°C, and 0.21 part of ammonium persulfate and 0.09 



part of sodium hydrogensulf ite were added as polymerization 
initiators, to carry out polymerization at 85°C for 120 minutes. 
Subsequently ion exchange water was added, to obtain an aqueous 
dispersion of an amphoteric acrylamide-based polymer with a solid 
content of 10.3%, a viscosity of 6900 cps and a turbidity of 170 
degrees . 

[0031] Production Examples 2 to 27 

Aqueous dispersions of ionic acrylamide-based polymers were 
obtained as described for Production Example 1, except that monomers 
used and/or their amounts (composition ratio: mol%) were changed 
as shown in Tables 1 and 2. The property values of the respective 
aqueous dispersions obtained are shown in Tables 3 and 4. 
[0032] 



[Table 1] 





Composition (mol%) 


AM 


Anionic 
monomer 


Cat ionic 
monomer 


N-substituted 
AM 


Other 

monomer, etc. 


Production Example 1 


89.5 


AA A 


DMAPAA 4 


tocm 2.5 




Production Example 2 


91.5 


PiA 4 


DMAPAA 4 


tOcAM 0.5 




Production Example 3 


85.0 


AA 4 


DMAPAA 4 


tOcAM 7.0 




Production Example 4 


88.8 


AA 4 


DMAP7\A 4 


tOcAM 2.5 


DMAA 0.7 


Production Example 5 


89.5 


AA 4 


DMAPAA 4 


BzAM 2.5 




Production Example 6 


89.5 


lA 4 


DMAPAA 4 


tOcAM 2.5 




Production Example 7 


93.5 




DMAPAA 4 


tOcAM 2.5 




Production Example 8 


89.5 


AA 4 


DMAPAA 4 




IPAM 2.5 


Production Example 9 


77.0 


AA 4 


DMAPAA 4 


tOcAM 15.0 




Production Example 10 


92.0 


AA 4 


DMAPAA 4 






Production Example 11 


89.5 


PJK 4 


DMAPAA 4 




AN 2.5 


Production Example 12 


67.0 


AA 4 


DMAPAA 4 




AN 25.0 


Production Example 13 


89.5 


AA 4 


DMAPAA 4 




St 2.5 



[0033] 
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[Table 2] 





Composition {mol%) 


AM 


Anionic 
monomer 


Cationic 
mo n ome r 


N-subst i tuted 


Other 


Production Example 14 


91.5 


AA 4 


DM 2 


tOcAM 2.5 


- 


Production Example 15 


93.5 


AA 4 


DM 2 


tOcAM 0.5 




Production Example 16 


87.0 


AA 4 


DM 2 


tOcAM 7.0 




Production Example 17 


88.8 


AA 4 


DM 2 


tOcAM 2.5 


DMAA 0.7 


Production Example 18 


91.5 


AA 4 


DM 2 


BzAM 2.5 




Production Example 19 


91.5 


lA 4 


DM 2 


tOcAM 2.5 




Production Example 20 


95.5 




DM 2 


tOcAM 2,5 




Production Example 21 


91.5 


AA 4 


DM 2 




IPAM 2.5 


Production Example 22 


94 .0 


AA 4 


DM 2 






Production Example 23 


91.5 


AA 4 


DM 2 




AN 2.5 


Production Example 24 


69.0 


AA 4 


DM 2 




AN 25.0 


Production Example 25 


91.5 


AA 4 


DM 2 




St 2.5 


Production Example 26 


93.5 


AA 4 




tOcAM 2 . 5 




Production Example 27 


96.0 


AA 4 









[0034] In Tables 1 and 2, the respective abbreviations stand for 
the following compounds. AA ... Acrylic acid lA ... Itaconic acid 
DMAPAA ... Dimethylaminopropyl acrylamide DM ... Dimethylaminoethyl 
methacrylate tOcAM ... N-t-octylacrylamide, BzAM 

N-benzylacrylamide IPAM ... N-isopropylacrylamide DMAA ... 
Dimethylacrylamide St ... Styrene 
[0035] 



[Table 3] 





Properties 


Solid content {%) 


Viscosity (cps) 


Turbidity (degrees) 


Production Example 1 


10.3 


6900 


170 


Production Example 2 


10.5 


8800 


45 


Production Example 3 


10.4 


4300 


9300 


Production Example 4 


15.8 


9500 


205 


Production Example 5 


10.5 


6100 


115 


Production Example 6 


10.4 


6200 


155 


Production Example 7 


10.4 


7300 


180 


Production Example 8 


10.2 


6000 


3 


Production Example 9 


10.6 


Segregation with 
precipitation 




Production Example 10 


10.4 


5800 


0 


Production Example 11 


10.4 


7700 


2 


Production Example 12 


10.2 


7100 


240 


Production Example 13 


10.2 


7700 


165 



[0036] 
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[Table 4] 





Properties 


Solid content (%) 


Viscosity (cps) 


Turbidity (degrees) 


Production Example 14 


10.8 


7900 


175 


Production Example 15 


10.5 


10500 


50 


Production Example 16 


10.4 


5500 


9950 


Production Example 11 


15.4 


8700 


165 


Production Example 18 


10.2 


7200 


130 


Production Example 19 


10.5 


7700 


180 


Production Example 20 


10.3 


6400 


155 


Production Example 21 


10.3 


6300 


3 


Production Example 22 


10.5 


8300 


1 


Production Example 23 


10.5 


6300 


2 


Production Example 24 


10.4 


6400 


275 


Production Example 25 


10.2 


6900 


185 


Production Example 2 6 


10.5 


9600 


200 


Production Example 27 


10.5 


8200 


2 



[0037] Working Examples 1 to 7 and Comparative Examples 1 to 5 
BKP was beaten using a Niagara type beater, to produce pulp with 
a Canadian Standard Freeness (C.S.F.) of 550 ml, and to the pulp, 
10%, based on the amount of pulp, of calcium carbonate, and 0.5%, 
based on the amount of pulp, of aluminum sulfate were added. Then, 
0.5%, based on the amount of pulp, of a commercially available 
cationic starch and 0.3%, based on the amount of pulp, of an 
amphoteric acrylamide-based strength additive were added one after 
another, and the mixture was stirred. The obtained homogeneous 
pulp slurry with a pH of 7.8 was diluted to 0.5%, and a test hand 
paper machine was used to produce a wet paper sheet A with a water 
content of 86% and a wet paper sheet B with a water content of 96% 
(dry unit weight 100 g/m^> . A solution obtained by diluting any 
of the various ionic acrylamide-based polymer aqueous dispersions 
obtained in Production Examples 1 to 8 and 10 to 13, to 0.7% using 
ion exchange water was applied to one side of the wet paper sheet 
B by means of a spray, to ensure that the solid content of the 
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acrylamide-based polymer became 0.7% based on the solid content 
of pulp. Then, the wet paper sheet A and the wet paper sheet B were 
overlaid on each other with the coated surface kept between them, 
and water was sucked toward the wet paper sheet B at 150 mm Hg for 
1 minute, and dried, to obtain layered paper. 
[0038] Working Example 8 

Layered paper was obtained as described for Working Example 1, 
except that the wet paper sheet A was coated on one side with the 
acrylamide-based polymer aqueous dispersion obtained in Production 
Example 1 . 

[0039] Working Examples 9 to 15 and 17 and Comparative Examples 
6 to 11 

Waste corrugated fiberboard and waste magazine paper were mixed 
at a ratio by weight of 1:1, and the mixture was beaten using a 
Niagara type beater, to produce pulp with a Canadian Standard 
Freeness (C.S.F.) of 420 ml. To the pulp, 2% of aluminum sulfate 
was added, and 0.5%, based on the amount of pulp, of a commercially 
available anionic acrylamide-based strength additive was added. 
The mixture was stirred, and the obtained homogeneously mixed pulp 
slurry with a pH of 5 . 6 was diluted to 0.5%. A test hand paper 
machine was used to produce a wet paper sheet A with a water content 
of 86% and a water paper sheet B with a water content of 96% (dry 
unit weight 100 g/m^) . A solution obtained by diluting any of 
various acrylamide-based polymer aqueous dispersions obtained in 
Production Examples 14 to 27, to 0.7% using ion exchange water was 
applied to one side of the wet paper sheet B by means of a spray, 



to ensure that the solid content of the acrylamide-based polymer 
became 0.7% based on the solid content of pulp, and the wet paper 
sheet A and the wet paper sheet B were overlaid on each other with 
the coated surface kept between them. Then, water was sucked toward 
the wet paper sheet B at 150 mm Hg for 1 minute, and dried, to obtain 
layered paper, 
[0040] Working Example 16 

Layered paper was produced as described for Working Example 9, 
except that the acrylamide-based polymer aqueous dispersion 
obtained in Production Example 14 was applied to one side of the 
wet paper sheet A, and that water was sucked toward the wet paper 
sheet A. 

[0041] ^Working Example 18 

Layered paper was obtained as described for Working Example 17, 
except that the acrylamide-based polymer aqueous dispersion 
obtained in Production Example 26 was applied to one side of the 
wet paper sheet A, and that water was sucked toward the wet paper 
sheet A- 

[0042] Working Example 19 

Layered paper was obtained as described for Working Example 17, 
except that water was sucked toward the wet paper sheet A. 
[0043] Working Example 20 

Layered paper was obtained as described for Working Example 17, 
except that the acrylamide-based polymer aqueous dispersion 
obtained in Production Example 26 was applied to one side of the 
wet paper sheet A. 



[0044] (Measurement of interlayer adhesive strength) The obtained 
layered paper samples were conditioned in humidity for 24 hours, 
and the interlayer adhesive strengths {T-peel strengths (g/cm) } 
were measured according to J-TAPPI Paper and Pulp Testing Method 
No. 17-77. The results are shown in Tables 5 and 6. 
[0045] (Fixing rate) The nitrogen contents of the obtained layered 
paper samples were measured, and the interlayer fixing rates were 
calculated. Fixing rate (%) = (B - C)/A x 100, where A is the 
measured nitrogen content of an applied acrylamide-based 
water-dispersible polymer; B is the measured nitrogen content of 
layered paper coated with an acrylamide-based water-dispersible 
polymer; C is the measured nitrogen content of layered paper made 
of the same pulp as that of B but not coated with the interlayer 
adhesive. The results are shown in Tables 5 and 6. 
[0046] 



[Table 5] 





AM-based polymer aqueous dispersion 


Fixing 

rate 

(%) 


T-peei 

strength 

(g/cm) 


Kind 


lonicity 


Working Example 1 


Production Example 1 


Amphoteric 


76.2 


30.4 


Working Example 2 


Production Example 2 


Amphoteric 


76.7 


30.2 


Working Example 3 


Production Example 3 


Amphoteric 


79.5 


27.0 


Working Example 4 


Production Example 4 


/Amphoteric 


78.1 


31.2 


Working Example 5 


Production Example 5 


Amphoteric 


77.9 


31.1 


Working Example 6 


Production Example 6 


Amphoteric 


73.5 


30.7 


Working Example 1 


Production Example 7 


Cationic 


72.9 


30.1 


Working Example 8 


Production Example 1 


Amphoteric 


90.4 


33.8 


Comparative Example 1 


Production Example 8 


Amphoteric 


63.4 


25.1 


Comparative Example 2 


Production Example 10 


Amphoteric 


56.3 


22.3 


Comparative Example 3 


Production Example 11 


Amphoteric 


62.5 


24 .4 


Comparative Example 4 


Production Example 12 


Amphoteric 


76.5 


24 .8 


Comparative Example 5 


Production Example 13 


Amohoteric 


67.1 


22.8 
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(Table 6] 





AM-based polymer aqueous dispersion 


Fixing 

rate 

{%) 


T-peel 

strength 

(g/cm) 


Kind 


lonicity 


Working Example 9 


Production Example 14 


Amphoteric 


77.5 


31.3 


Working Example 10 


Production Example 15 


Amphoteric 


76.0 


32.0 


Working Example 11 


Production Example 16 


Amphoteric 


78.6 


28.9 


Working Example 12 


Production Example 17 


Amphoteric 


79.1 


30.7 


Working Example 13 


Production Example 18 


Amphoteric 


75.6 


30.4 


Working Example 14 


Production Example 19 


Amphoteric 


74 .9 


30.2 


Working Example 15 


Production Example 20 


Cationic 


76.1 


29.8 


Working Example 16 


Production Example 14 


Amphoteric 


91.2 


36.7 


Comparative Example 6 


Production Example 21 


Amphoteric 


69.4 


24.5 


Comparative Example 7 


Production Example 22 


Amphoteric 


59.4 


23.5 


Comparative Example 8 


Production Example 23 


Amphoteric 


62.2 


27.2 


Comparative Example 9 


Production Example 24 


Amphoteric 


74.1 


26.9 


Comparative Example 10 


Production Example 25 


Amphoteric 


62.1 


23.0 


Working Example 17 


Production Example 26 


Anionic 


46.3 


21.1 


Working Example 18 


Production Example 26 


Anionic 


49.2 


24 .0 


Working Example 19 


Production Example 26 


Anionic 


58.8 


23.8 


Working Example 20 


Production Example 26 


Anionic 


75.4 


30.7 


Comparative Example 11 


Production Example 27 


Anionic 


38.6 


19.5 
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